Introduction
Hypertension (HTN) is a major public health problem, responsible for disability and mortality [1] - [4] . It affects nearly a quarter of the world's adult population [5] , and is the most common condition seen in primary care [6] . In Sub-Saharan Africa (SSA), HTN is the most prevalent and the most threatening cardiovascular risk factor [7] - [9] , experiencing a dramatic growth, affecting younger people, with poorer blood pressure control, and singularly moving early to cardiovascular complications [10] - [12] . In this part of the globe, more than 500 million new cases are expected in 2025 versus 70 million in Western countries [13] . That's why, in the 2014 World Congress of Cardiology held in Melbourne, hypertension has been called the scourge of the African continent. In the Democratic Republic of Congo (DRC), the prevalence of HTN increased from 5% in 1986 to 30% in 2006 and 2007 in some population based studies [14] - [16] . Nowadays, seven years after these studies, a higher prevalence is more than plausible hypothesis because since then there has been no real riposte to counter this threatening scourge. Insulin resistance (IR) is a state of reduced insulin target cells responsiveness to normal or elevated circulating levels of insulin [17] - [19] . It is an independent risk factor for cardiovascular disease [18] - [20] . Insulin resistance (IR) and compensatory hyperinsulinaemia commonly occur in patients with essential HTN [21] - [24] and it represents a major underlying abnormality driving cardiovascular disease [25] - [36] . Thus, hypertensive patients with insulin resistance are at greater risk of cardiovascular disease and may represent a particular subset of HTN requiring special medical attention [20] [37]- [40] . Quantitative measurements of the IR, including glucose clamp methods and insulin suppression test, are not used in daily clinical practice. Indeed they are labor-intensive, time-consuming, expensive, and technically challenging [41] [42] . A number of surrogate indices have therefore been employed to simplify and improve the determination of insulin resistance [42] [43] . Thus, it is generally considered that subjects with metabolic syndrome (MetS) or abdominal obesity (AO) are carrying IR [44] - [47] . In this context, and given that there are several definitions of metabolic syndrome and multiple thresholds used to define abdominal obesity, the choice should focus on the one with the best performance for identifying insulin resistance. IDF have proposed a worldwide definition with waist circumference cut-points that are gender and ethnic-group specific [48] . For Sub-Saharan African it has been recommended to use European cut-off of ≥94 cm for male and ≥80 cm for female until more specific data could be available [48] . Provisional thresholds have also been proposed for other ethnic groups, most of which have since set their own thresholds [49] - [51] . In DRC, Kasiam et al. have set the WC threshold at 94 cm regardless of gender, from a population based study [47] [52] . Is this threshold better, i.e. more efficient in identifying insulin resistance than the IDF that was offered to be use temporarily?
The aim of this study was to compare the performance of the Kasiam et al. proposed Sub-Saharan Africaspecific thresholds of abdominal obesity (AO-SSA) to that of IDF in identifying IR in the study population. Moreover, we determined the prevalence and identified the independent determinants of insulin resistance in the study population.
Patients and Methods

Study Population
This is a cross-sectional study that was held from 5 January 2007 to 5 January 2010 at Lomo Medical Clinic, Kinshasa, megacity and capital of the Democratic Republic of the Congo (DRC).
The target population consists of hypertensive patients been followed in the Lomo Medical Center for essential HTN. To be eligible for this study, the patients should be black Congolese ≥ 18 years old, free from target organ damage, and must have agreed to participate in the study after informed consent according to the Helsinki recommendations III. Patients with Diabetes Mellitus (Type 1 or Type 2) that have been treated with insulin, patients in gestational state and those with heart failure or chronic kidney disease were excluded. The medical history associated with physical examination, ophthalmoscopy, electrocardiogram, urine examination made it possible to exclude hypertensive patients with target organ damage. Finally, from 1917 hypertensive patients followed in the Lomo Medical Center during the period from 5 January 2007 to 5 January 2010, 171 were eligible for the study, but only 163 have given their informed consent to participate in this study.
Eligible participants were invited to attend the survey at Lomo Medical Center on specified dates. They were instructed and encouraged not to eat after 10:00 p.m. before the laboratory measurements. Alcohol, smoking and chewing gum were prohibited at the fasting period and during the test. Baseline overnight fasting blood was drawn between 7:00 and 9:00 a.m.
The following clinical information was obtained from a questionnaire ad hoc: demographic data (age, gender), risk behavior (excessive alcohol consumption, cigarette smoking), personal history (hypertension, diabetes mellitus).
For each patient, a trained nurse measured body weight (kg), height (cm), waist circumference (cm), hip circumference (cm) and blood pressure (mmHg). Body weight was measured using scale WaagenGmbh Co-Soenle, Murrhardt, German manufacturers. The patient was barefoot, lightly clad, standing motionless at the center of the weighing pan, upper limbs along the body; the body weight is evenly distributed on both feet. The measurement was recorded to the nearest milligram. Height was measured using a stadiometer wall, the patient being barefoot standing heels together, head positioned so that the line of sight is perpendicular to the body. Head, back, buttocks and heels were in contact with the vertical board of the toise. The participant took a deep breath and remained in this extended position while the cursor was brought into contact with the highest point of the head, pressing it to compress the hair. The measurement was recorded to the nearest millimeter. The body mass index (BMI) was calculated as weight (kg)/squared height (m). The waist circumference was measured; the participant was standing, with feet apart at about 25 cm, using a tape put through the umbilicus and halfway between the grid rib and the iliac crest. The measurement was taken at the end of expiration and it was recorded to the nearest millimeter. The hip circumference was measured under the same conditions; the ribbon was put through the widest part of the basin. Sitting blood pressure (BP) was measured non-invasively on the left arm, using an automated oscillometric BP recorder OMRON M6 worn cuff at heart level, the patient being seated for 5 minutes. An average of three consecutive shots each separated by three minute interval was chosen.
Laboratory Determinations
For all analyses, a blood sample was taken between 7 am and 9 am at the cubital vein of the patient after an overnight fasting of 10 hours. All analyses were performed in the laboratory of Lomo Medical Center.
For the determination of serum uric acid level, total cholesterol, LDL-cholesterol, HDL-cholesterol and triglycerides, blood was collected in a dry tube. The serum collected was used for the analysis. The assay was performed by the standard colorimetric method. The reagents used were from the firm BIOLABO. Readings were measured by colorimetric spectrophotometer brand HELIOS Epsilon (USA).
The dosage of CRP (C-reactive protein) was performed on serum by serological method using reagents CRPSlidex from the firm Bio-Mérieux (France).
The blood glucose test was performed on plasma oxalate by colorimetric method using standard reagents Biolabo. Reading was measured by HELIOS Epsilon spectrophotometer (USA).
The dosage of insulin was performed on EDTA plasma by ELISA. Reading the optical density was done on a string read from the firm HUMAREADER HUMAN (Germany).
The glycated hemoglobin was performed on plasma treated with EDTA by electrophoretic method. The equipment used for the measurement was HYRYS HYDRASIS from the firm SEBIA (France).
The serum creatinine was performed on serum by the method of simple colorimetric Jaffe. Reading was measured by colorimetric spectrophotometer (Spectrum 2100 brand, South Africa). The study was performed according to the guidelines of Helsinki Declaration. Informed consent was obtained from all patients and ethic committee approved data collection.
Operational Definitions
HTN was defined as a office systolic blood pressure (SBP) ≥ 140 mmHg and/or a office diastolic blood pressure (DBP) ≥ 90 mmHg and/or current use of antihypertensive drugs whatever the level of BP [6] [53] [54] . HTN was defined as essential only on the basis of medical history, physical examination and urine analysis; specific tests to rule out secondary causes of HTN were not performed. Diastolic HTN was defined as diastolic blood pressure ≥ 90 mmHg, irrespective of systolic pressure [55] . Homeostatic model assessment index for insulin resistance (HOMA-IR) was calculated by dividing the product of insulin (microunits per milliliter) and glucose (millimoles per liter) by 22.5 [55] and the IR was defined by the values of HOMA-IR score ≥ 2.5 [56] . Creatinine clearance (CrCl) was calculated according to Cockroft-Gault equation [57] . A CCl < 60 ml/min was defined as chronic kidney disease (CKD) according to the National Kidney Foundation guidelines [58] . DM was defined as fasting glycaemia ≥ 7 mmol/l (≥126 mg/dl) and/or 2 hour postprandial glucose test ≥ 11.1 mmol/l (≥200 mg/dl) [59] . Participants who were aware of being diabetic had their medical history of DM confirmed by a record review conducted at Lomo Medical Center. Type 2 diabetes was defined according to the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus [59] . Cigarette smoking was defined as a regular intake of tobacco smoke for at least 30 days prior to this study, regardless of the number of cigarettes. Excessive alcohol consumption has been defined by >2 glasses of beer/day or its equivalent for at least one year prior to this study [60] . AO was defined according to the NCEP ATP III (WC > 102 cm for males and >88 cm for female), according to IDF (WC > 94 cm for males and > 80 cm for female) [48] and according to Kasiam et al. proposed AO-SSA (WC > 94 cm for both males and female [47] . The MetS was defined according to the NCEP ATP III [61] , IDF [48] and SSA criteria. The SSA criteria are those of the IDF, in which the cutoff of AO is the one proposed by Kasiam et al. for SSA [47] . Dyslipidemia was defined by the presence of HDL cholesterol < 40 mg/dl in men and <50 mg/dl in women and/or LDL cholesterol ≥ 130 mg/dl and/or total cholesterol ≥ 185 mg/dl and/or triglycerides ≥ 150 mg/dl [62] . Cardiometabolic risk factors considered in this study were age > 55 years, Type 2 diabetes mellitus, hypertension, cigarette smoking, excessive alcohol intake, a pulse pressure > 60 mmHg, AO, dyslipidemia and MetS.
Statistical Analyses
The normal distribution of each variable was tested by Kolmogorov-Smirnov's test. Continuous variables were expressed as mean ± standard deviation and qualitative variables were presented as proportions (percentage).
The Chi-square test and Student t-test were used to compare proportions and means between groups and subgroups respectively.
One-way analysis of variance (ANOVA) with post hoc Duncan tests was applied to compare the differences among the groups. Calculating the odds ratio (OR) and confidence intervals at 95%, using the logistic regression analysis, was used to assess the relative contribution of each factor to the risk of high HOMA-IR. The probability value (p) less than 0.05 (5%) was considered as the threshold of statistical significance. The kappa statistic was determined for agreement between the ATPIII, IDF and SSA defined AO and MetS with HOMA-IR. The three definitions of MetS and the three cut-off point of AO were compared with the results of HOMA-IR, and sensitivity, specificity, positive predictive value, negative predictive value were calculated. The statistical analysis was performed using SPSS, version 18, software (SPSS Inc., Chicago, IL, USA).
Results
A total of 163 hypertensive patients were evaluated (64.4% males, mean age: 57 ± 11 years) of whom 58 Demographic and clinical characteristics of the study population as a whole and stratified by the IR status are represented in Table 1 . We found that the level of weight, WC, BMI and HOMA-IR was higher in IR patients.
Biological characteristics of the study population as a whole and stratified by the IR status are represented in Table 2 . In which we notice that the level of LDL-C, TG and Uric acid are significantly elevated in the sub-group with IR. Table 3 shows the rate of IR throughout the whole study population and in various subgroups of the population. IR was found in 79.1% of the study population. The prevalence of IR is higher in patients with AO defined according to Kasiam et al. proposed Sub-Saharan Africa Specific Cut-off point.
The importance of other cardiometabolic risk factors was emphasized in Table 4 . The univariate risk factors for IR were age < 55 years, cigarette smoking, hyperuricemia, low HDL-C, elevated LDL-C, diastolic HTN, and HbA1c > 6.5% (Table 5) .
In multivariate analysis, the risk of IR was associated independently and significantly (p < 0.05) by cigarette smoking, low-HDL-C, hyperuricemia, and diastolic HTN. This is shown in Table 6 Tables 7-12 summarize the sensitivities and specificities of ATP III, IDF and SSA criteria defined MetS and AO for IR in hypertensive patients. The sensitivity and specificity of MetS-ATP III criteria for IR in subjects with HTN were 42.6 and 79.4% respectively. Using the MetS-IDF, the sensitivity was 35.6% and the specificity was 64.7%. The MetS-SSA provided 8.5% of specificity and 94.1% of sensitivity. Using the AO-ATP III, AO-IDF, AO-SSA, the sensitivity and specificity were 46.5 and 29.4%, 79.0 and 2.9%, 87.5 and 67.6% respectively. AO:
• AO-ATP III 84 (51.5)
• AO-IDF 135 (82.8)
• MetS:
• MetS-ATP III 62 (38.0)
• MetS-IDF 58 (35.5)
• MetS-SSA 13 (7.9)
Discussion
This is the first study in Democratic Republic of Congo to investigate the prevalence of IR and its determinants in hypertensive patients. This is also the first to evaluate the intrinsic and extrinsic characteristics of the AO-SSA in particular and the characteristics of the other threshold defined AO and MetS in general in identifying IR in Congolese Black Hypertensive patients. The HOMA-IR served as a gold standard for IR, because of its reasonable linear correlation with glucose clamp and minimal model estimates of insulin sensitivity/resistance in several studies of distinct populations [63] . This study has demonstrated that IR is prevalent in Congolese Black Hypertensive Patients. Since the IR represents an important risk factor for the development of Type 2 diabetes, this high prevalence of IR can predict a worrisome trend for the burden of Type 2 diabetes in hypertensive patients. Unsurprisingly, the most important prevalence of IR has been found among obese patients and among those with MetS. The highest prevalence of IR has been found among hypertensive patients classified as obese according to the Kasiam et al. proposed cut-off point compared with those with AO or MetS according to other criteria. Contrary to what would suggest the pathophysiological reasoning, which puts the abdominal obesity on the center of the genesis of IR, an important proportion of insulin-resistant patients (44.8%) were also found among hypertensive patients who were not obese or diabetic, i.e. without insulin resistance phenotype. This percentage is within the range (25% -50%) reported in the literature (7) . Indeed, many authors, following Ferrannini have demonstrated that HTN is associated with insulin resistance independent of obesity and glucose intolerance [64] .
This study also showed that the prevalence of IR is higher among the younger population, suggesting an early onset of insulin resistance in our study population. The same has been found by Kasiam et al. in a population based study [47] . Some genetic or environmental factors could explain this observation that has not been reported in Caucasians. This early IR is probably the underlying reason for the early onset of cardio metabolic complications that characterize HTN in black subjects. Prospective studies are needed to verify this hypothesis. The determinants of IR found in this study are: cigarette smoking, low HDL-C, hyperuricemia and diastolic HTN. Cigarette smoking has the good reputation of modulating the appetite and thus to control the weight [65] . Indeed, smokers are, on average, skinnier than nonsmokers. New research reveals how nicotine, the active ingredient in cigarettes, works in the brain to suppress smokers' appetites. Thus, the harmful effects of tobacco which include oxidative stress, endothelial dysfunction and sympathetic stimulation that occur as a result of smoking are unknown by the general public. These three mechanisms lead to insulin resistance, and therefore, to cardio metabolic complications. Moreover, studies have shown that smoking actually decreases insulin sensitivity in proportion to the intensity of cigarette consumption. It has also been confirmed by clinical studies that smoking cessation is accompanied by a gradual return to normal insulin sensitivity.
Low plasma concentrations of HDL-C is recognized as one of the typical dyslipidemia of IR states [40] , and is felt to play an important, although not exclusive role in the accelerated atherosclerotic cardiovascular disease [66] [67].
Hyperuricemia is a common finding in patients with insulin resistance and hypertension [40] [68] [69] . Hyperuricemia has been attributed to hyperinsulinemia in metabolic syndrome and to decreased uric acid excre-tion in kidney dysfunction [70] [71] . Uric acid has antioxidant properties, but at supranormal levels, uric acid loses his antioxidant properties and may become pro-oxidant [72] and plays a pathophysiological role in the development of IR and cardiovascular disease [72] - [74] . Oxidative stress would be the link between hyperuricemia and insulin resistance.
Ferrannini et al. found that Insulin sensitivity, as measured in euglycemic clamp studies performed with physiological insulin concentrations, showed similar associations with systolic and diastolic blood pressures, whereas fasting insulinemia was only related to diastolic blood pressure [64] . This would explain the link found in this study between diastolic blood pressure and IR, as the HOMA-IR is calculated using fasting insulinemia.
The pathophysiological importance of IR in the development of cardiometabolic complications is such that it is important to identify IR in hypertensive patients. Since conventional methods are not only technically difficult to implement but also very expensive, the use of substitutes should focus on markers that are both easy to use, inexpensive and effective in identifying insulin resistant patients. For the first criteria (ease of implementation and cost), the measurement of waist circumference is probably cheaper and easier to use since it simply need a tape. But this facility and this cost should not sacrifice diagnostic performance.
Our study demonstrated that the IDF defined MetS using the Kasiam et al. proposed AO-SSA provided the best specificity, whereas the AO-SSA provided the best sensitivity. The MetS and AO defined according to the criteria of ATP III have a statistically similar sensitivity.
When comparing the AO defined according to different cutoff, the best sensitivity is obtained with Kasiam et al. proposed AO-SSA, followed by AO-IDF and AO-ATP, whereas the best specificity is obtained with AO-SSA followed by AO-ATP III and AO-IDF. When comparing MetS definitions, the best sensitivity is obtained with NCEP ATP III criteria, followed by IDF and IDF-SSA, whereas the best specificity is obtained with IDF-SSA followed by NCEP ATP III and IDF.
Considering the different definitions of the metabolic syndrome and different definitions of abdominal obesity according to different thresholds, the best specificity was obtained with the MetS-SSA (94.1%) but it did not provide a sensitive approach (sensitivity: 8.5%) to identifying IR and showed a slight agreement (Kappa = 0.01) with HOMA-IR. Abdominal obesity defined according to Kasiam et al. proposed Sub-Saharan Africa cutoff-point offers the highest sensitivity (87.5%), with good specificity (67.6%). The rate of agreement of the AO-SSA, although moderate (kappa = 0.52), is the best of all (Including the MetS regardless of the definition and AO defined according to other thresholds). The cutoff point of 94 cm regardless of gender was proposed by Kasiam et al. for SSA, echoing the IDF recommendation who stressed the need to adopt different values of WC measurements to define AO in different ethnic groups. This cutoff-point was set from a broad clinical study which showed that the WC ≥ 94-cm cut-off point (≥90 th percentile of WC) corresponded to body mass index ≥ 30 kg/m² (≥90 th percentile of BMI) and body fat mass ≥24 kg (90 th percentile of BFM). This simple measurement using a tape is sufficient to identify insulin-resistant hypertensive patients, by exempting them from additional expensive assays that are required for the diagnosis of the MetS. Indeed, health insurance does not exist in SSA and the poverty of African patients is such that in general, laboratory tests are not available.
Our findings should be interpreted in the light of certain limitations including the cross-sectional design, the small number of participants, the non-inclusion of antihypertensive and other treatment. All things considered, the Kasiam et al. proposed SSA cutoff-point defined AO is an easy and cost efficient to diagnose IR in Congolese Black Hypertensive Patients. A further study in larger population is required to confirm this finding.
Conclusion
IR is present in the majority of Congolese patients with essential HTN, fore-shadowing a worrisome trend for the burden of Type 2 diabetes in Congolese black hypertensive patients. This IR could be amplified by cigarette smoking, low-HDL-C, hyperuricemia, and diastolic HTN. The AO-SSA is an easy and cost efficient surrogate marker for IR in Congolese Black Hypertensive Patients. Further study in wider group is indicated to validate our findings.
